Emmrich. Inhibition of lymphocyte apoptosis by pancreatic stellate cells: impact of interleukin-15.
rat; cytokine; chronic inflammation CHRONIC PANCREATITIS is histomorphologically characterized by an inflammatory cell infiltration and a marked organ fibrosis (20) . The molecular mechanisms underlying the development of the persistent inflammation with deposition of connective tissue are poorly understood. The key event in the cellular pathogenesis of pancreas fibrosis is the activation of retinoidstoring pancreatic stellate cells (PSCs; see Refs. 3, 4, 15, and 18) . After isolation, PSCs in culture undergo a similar process and differentiate to a myofibroblast-like, ␣-smooth muscle actin-expressing phenotype. The morphological transformation of PSCs is characterized by reduction of vitamin A-containing fat droplets, increased proliferation, and enhanced expression of various types of extracellular matrix components (ECM; see Refs. 3, 4, 19, and 34) .
In addition to an extended fibrosis, chronic pancreatitis was characterized by massive cell infiltrations (10, 20) . Studies on infiltrating leukocytes suggested that T cell-mediated immune reactions may be involved in the pathogenesis of the disease (9, 10, 17) .
It is well accepted that the pivotal role of leukocytes in inflammation is mainly mediated by the secretion of cytokines. PSCs were shown to respond to different cytokines in terms of variations in the proliferation rate and in the expression of ECM components (2, 3, 24, 31) . In addition, stellate cells themselves are able to synthesize various cytokines and chemokines (2, 21, 34) .
Taken as a whole, these results have given rise to the concept of interactions between lymphocytes and stellate cells supporting the inflammatory process in the pancreas.
IL-15 has been described as a cytokine produced also by nonimmune cells influencing proliferation and apoptosis of lymphocytes (11, 25) . The cytokine was initially identified through its ability to mimic IL-2-induced T cell proliferation (13) . However, numerous reports have shown distinct and nonredundant functions of IL-2 and IL-15 (reviewed in Ref. 11) . Furthermore, unlike IL-2, IL-15 mRNA has been identified in a wide range of different cell types, including monocytes/macrophages, epithelial cells, and fibroblasts (8, 13, 26, 28, 29) . In addition to the stimulation of immune cells, IL-15 was shown to be a potent inhibitor of several apoptosis pathways in various cell populations (6, 25, 28, 32) .
The purpose of the current study was to address the following two questions: 1) determine whether PSCs express IL-15 and 2) test the hypothesis that stellate cells thus affect immunecompetent cells.
STAT-3 from Santa Cruz Biotechnologies (Santa Cruz, CA); recombinant mouse IL-15 from Chemicon (Temecula, CA); IL-2 and interferon (IFN)-␥ from R&D Systems (Wiesbaden, Germany); RNeasy Mini RNA extraction kit and Taq Polymerase from Qiagen (Hilden, Germany); all reagents for reverse transcription [Superscript II RT, oligo(dT) [12] [13] [14] [15] [16] [17] [18] , T7-(dT)24 primer, dNTP] and Superscript Choice system from Invitrogen (Karlsruhe, Germany); primers for PCR were generated using the National Center for Biotechnology Information (NCBI) gene bank as a source for any sequences and synthesized by BioTez (Berlin, Germany); and microarray Rat 230_2 from Affymetrix (Santa Clara, CA). Male Lewis inbred rats were obtained from Charles River (Sulzfeld, Germany).
Cell Isolation and Cultivation
PSCs were isolated from the pancreas of male Lewis rats by collagenase P/protease IX digestion and purified by isopycnic density centrifugation as previously described (34) . PSCs were cultured in IMDM supplemented with 10% FCS, 1% nonessential amino acids (dilution of a 100ϫ stock solution), 100 U/ml penicillin, and 100 g/ml streptomycin at 37°C in a 5% CO 2 humidified atmosphere.
To investigate the effect of IFN-␥ on RNA expression, the respective cytokine concentrations were added to PSCs cultured in six-well plates followed by the extraction of RNA after the indicated incubation time.
The lymph node cells (LnLy) were obtained by mincing mesenteric lymph nodes and then gently pressing them through a 70-m mesh cell streamer. The cell suspension was further purified by density gradient centrifugation on Histopaque 1083. The obtained cells consisted of Ն95% lymphocytes, as assessed by fluorescence-activated cell sorter (FACS) analysis.
Coculture experiments were performed using subconfluent PSCs activated by in vitro cultivation 7-10 days after isolation. Culture medium was removed, and 1 ϫ 10 6 freshly isolated LnLy diluted in lymphocyte medium Quantum007 were added. To prevent cell-cell contact, PSCs and lymphocytes were separated by a transwell system with cell culture inserts. LnLy cultured without PSCs were used as controls.
Immunofluorescence
PSCs were cultivated on glass coverslips. For immunofluorescence staining, cells were fixed with 0.5% paraformaldehyde followed by incubation with a rabbit polyclonal antibody directed against rat IL-15 (AB15). Binding of AB15 was determined by a fluorescein-labeled goat anti-rabbit IgG and visualized using a fluorescence microscope.
RNA Isolation and RT-PCR
Analysis of RNA expression has been performed as described in detail previously (33) . Total cell RNA was isolated using the RNeasy kit according to the manufacturer's instructions. Total RNA (1 g) was reverse transcribed into cDNA using oligo(dT) [12] [13] [14] [15] [16] [17] [18] primer and Superscript II. To correct for variations in different preparations, the cDNA samples were adjusted to equal the input cDNA concentrations, based on their hypoxanthine phosphoribosyl transferase or ␤-actin content as housekeeping genes. For this purpose, each cDNA sample was subjected to a competitive PCR using a synthetic DNA control , and 14 (lane 7) days in culture and subsequently reverse transcribed into cDNA using an oligo(dT)12-18 primer. The cDNA probes were subjected to amplification with the IL-15-specific primers, giving rise to 2 fragments of 363 and 315 bp, respectively. To adjust the various cDNA samples to equal input concentrations, PCR was performed for the housekeeping gene hypoxanthine phosphoribosyl transferase (HPRT) in the presence of a synthetic DNA fragment used as an internal standard (control fragment, CF), resulting in the 608-bp (cDNA) and the 499-bp (CF) fragments. PCR products were electrophoretically separated in an agarose gel containing 0.3 g/ml ethidium bromide. Results shown are representative of 3 independent experiments. M, 100-bp molecular weight marker (lane 1). B: detection of IL-15 protein in PSCs using immunoblot techniques. Protein extracts of PSCs after 5 (lane 1), 7 (lane 2), and 14 (lane 3) days in culture were harvested and electrophoretically separated on a 10% SDS polyacrylamide gel. After protein transfer on a nitrocellulose membrane, blots were incubated with a rabbit anti-IL-15 antibody. Detection of primary antibody binding was performed by using a horseradish peroxidase-labeled anti-rabbit IgG, and horseradish peroxidase activity was visualized with the ECL Plus kit. To demonstrate equal protein loading, the blot was probed with an anti-vimentin antibody. Results shown are representative of 3 independent experiments. C: immunocytochemical localization of IL-15 expression in PSCs. Cells grown on glass coverslips were fixed and incubated with an antibody against rat IL-15 generated in rabbits. Binding of the primary antibody was determined with a fluorescein-labeled goat antirabbit IgG, resulting in fluorescence (a). To demonstrate specificity of the primary antibody, PSCs were incubated only with the fluorescein-labeled IgG as a control (b). Original magnification: ϫ630.
fragment as an internal standard. The PCR products were separated electrophoretically in an agarose gel containing 0.3 g/ml ethidium bromide. The intensity of the ethidium bromide fluorescence, reflecting the amount of cDNA, was measured with an electronic camera analyzing the data with the EASY program (Herolab, Wiesloch, Germany).
IL-15 primers (forward 5Ј-CTT CTT AAC TGA GGC TGC ATC-3Ј and reverse 5Ј-GTG AAG TTT CTC TCC TCC AGC T-3Ј) were designed based on the rat-specific cDNA sequences for rat IL-15 (U-69272).
Microarray Analysis
The cRNA preparation and hybridization on Rat 230_2 Arrays (Affymetrix) was conducted according to Affymetrix standard protocols (34) . For each of the three treatment groups (controls, cocultured lymphocytes with PSCs, or IL-15), mRNA from three replicated samples was hybridized. We used MAS 5.0 to process raw microarray probe set data and to generate 31,099 gene expression values ("signals") per array with a corresponding validity value ("detection call") each. Data were scaled based on total intensity (for details, see www.affymetrix.com, Statistical Algorithms Reference Guide, Part Number 701137 Rev 3). To perform a quality control for replicated microarrays, the coefficient of determination r 2 was calculated between pairs of arrays within each treatment group (e.g., 3 array pairs for triplicates of the control group: 1-2, 2-3, and 1-3). Thus the array similarity of replicated arrays was determined in relation to the signal parameter. A gene sequence was included into the differential gene expression analysis if both of the following conditions were complied with: all three replicated signal values of the gene sequence were similar to their median of at least 51% (reproducibility of signals). At least two of the three corresponding detection call values were "present" (validity of signals). The first step of differential gene expression analysis was the aggregation of reproducibility and valid replicated gene signals by their median. The three resulting median arrays (one for each group) were analyzed for differential gene expression of lymphocytes with PSCs vs. control and lymphocytes with IL-15 vs. control. A gene with an at least ϩ2/Ϫ2-fold change in its expression was defined to be upregulated/downregulated. Intersections of the four resulting sets of regulated genes (i.e., upregulated/ downregulated in PSC cocultures and upregulated/downregulated in IL-15 cocultured lymphocytes) were analyzed.
Sequencing of IL-15 cDNA Variants
Electrophoretically separated RT-PCR products were sequenced from both primer sites using dye-terminator technology. The sequence reactions were analyzed by capillary electrophoresis (ABI PRISM 310 Genetic Analyzer; Applied Biosystems).
Detection of Lymphocyte Apoptosis by Flow Cytometry
Apoptotic lymphocytes were evaluated using the annexin V-FITC Apoptosis Detection Kit according to the manufacturer's instructions. Briefly, 1 ϫ 10 5 LnLy were harvested from the culture plates, washed two times with PBS (pH 7.4), and incubated in the annexin V-binding buffer. Annexin V-FITC and propidium iodide (PI) were added followed by the measurement in the flow cytometer FACSort using Cellquest software (Becton-Dickinson).
[ 3 H]thymidine Incorporation
LnLy (1 ϫ 10 6 /ml) suspended in serum-free RPMI 1640 were seeded in 12-well plates and incubated for 24 h with 1.0 Ci 
Cell Counting
Adherent growing PSCs were detached from the culture plates by trypsin-EDTA using standard protocols. Cell numbers were determined by counting them microscopically in a Fuchs-Rosenthal hemocytometer. Cell viability was detected through the trypan blue dye exclusion test.
Measurement of Collagen Production
The collagen production by PSCs was quantified by assessing the incorporation of [2,3- 3 H]proline, as previously described (34) . Briefly, PSCs maintained in 12-well culture plates (1 ϫ 10 4 cells/ml) were incubated for 24 h in the presence of 2.5 Ci/ml [3,4- 3 H]proline without or cocultured with 1 ϫ 10 6 LnLy/ml RPMI medium supplemented with 10% FCS. Lymphocytes were removed from the cell culture medium by centrifugation. The [
3 H]proline-containing proteins of the cell supernatant were subjected to precipitation/solubilization procedures followed by evaluation using liquid scintillation counting. Results were calculated from sixfold determinations and expressed as cpm per milliliter.
Generation of a Rat Specific anti-AB-IL-15
Based on the rat IL-15 cDNA sequence (U-69272, GenBank provided by NCBI), two appropriate peptides comprising 12 and 16 amino acids have been synthesized (Eurogentec, Herstal, Belgium). To obtain a rat-specific anti-IL-15 antibody, two rabbits have been immunized using a mixture of both peptides (Eurogentec). In a second step, the immune serum was purified using the affinity chromatography technique (Biogenes, Berlin, Germany). The procedure resulted in a monospecific IgG fraction recognizing the rat IL-15 protein (AB15).
Immunoblotting
Protein extracts of PSCs were prepared as previously described (34) . Proteins were separated by SDS-PAGE and blotted on nitrocellulose filters. Blots were incubated with the respective primary antibody overnight at 4°C. For visualization of the antibody binding, filters were exposed to a horseradish peroxidase-labeled anti-rabbit or anti-mouse Ig antibody and developed using the ECL Plus kit.
The PSC culture supernatant was concentrated by centrifugal filter devices (Amicon Ultra-15; Millipore) and subjected to the immunoblotting procedure described above.
All results shown are representative of at least three independent experiments.
Statistical Analysis
Results are expressed as means Ϯ SE. Data were analyzed using Wilcoxon's rank sum test, and P Ͻ 0.05 was considered to be statistically significant. Figure 1A shows the expression of mRNA encoding IL-15 in PSCs at different time points after cell isolation detected by RT-PCR. The activation of PSCs induced through in vitro cultivation was accompanied by an increase of the IL-15 transcript levels. Surprisingly, in addition to the expected amplicon of 363 bp in the gel electrophoresis of RT-PCR products, there was observed a second smaller fragment (Fig.  1A) . Sequencing of both amplicons revealed an mRNA splice variant different from the known sequence by an in-frame deletion of 48 nucleotides. The ratio of the fluorescence intensity of the PCR products 363 bp/315 bp, reflecting the respective transcript levels, was ϳ3.7. This relation of the two splice variants was found to be constant in different rat cell populations (data not shown).
RESULTS

IL-15 Expression in PSCs
To determine if PSCs are able to produce IL-15 protein, Western blot analysis was performed on total lysates of PSCs after 4, 7, and 14 days in culture. As shown in Fig. 1B , PSCs contained two proteins of ϳ16 and 14 kDa representing prob- ably both splice variants. According to the IL-15 mRNA expression, there was an increase of the protein level during the cultivation time after PSC isolation.
In the culture medium supernatants, IL-15 protein was not detectable, suggesting a low secretion capacity (data not shown).
Immunofluorescence staining of PSCs using the anti-IL-15 antibody revealed small spots evenly spread on the cell surface (Fig. 1C) indicating a membrane-associated localization of IL-15 protein.
In the context of inflammatory processes, the responsiveness of PSCs to respective mediators is of special interest. Figure 2 shows that the expression of IL-15 in PSCs could be induced by the lymphocyte-specific T helper 1 (Th1) cytokine IFN-␥ in a dose-dependent manner. Both splice variants increased in parallel, and the induction of IL-15 by the proinflammatory cytokine did not affect the ratio of the two transcript levels.
Cocultures of Lymphocytes with PSCs
Spontaneous apoptosis of lymphocytes. Rat lymphocytes obtained from mesenterial lymph nodes (LnLy) were cultivated in the absence or presence of a subconfluent monolayer of primary PSCs. The coculture experiments were performed with PSCs that were activated in vitro by growing on plastic for 7-10 days. After 24, 48, and 72 h, an aliquot of the LnLy was prepared for FACS analysis, measuring the binding of annexin V-FITC indicating cell apoptosis and the intake of PI that can penetrate only the damaged cell membrane. Lymphocytes positive for both annexin V and PI were defined as late apoptotic. Interestingly, the portion of early apoptotic cells defined by annexin V-positive but PI-negative fluorescence did not increase continuously to the same extent compared with the late-apoptotic lymphocytes. Consequently, the percentage of exclusively annexin V-positive lymphocytes had a maximum after 48 h followed by a decline during further cultivation. In contrast, the number of lymphocytes positive for both annexin V and PI increased proportionally to the reduction of surviving cells. These results suggest that the apoptotic process, once induced in lymphocytes, was succeeded immediately by the following reactions of the death machinery, resulting in the damage and leakage of the cell membrane. Therefore, we have defined apoptotic cells as the sum of annexin V-positive and PI-positive lymphocytes. Figure 4A summarizes the time course of the lymphocyte viability under different culture conditions. The number of annexin V-negative vital lymphocytes was decreased after 3 days to ϳ45%, whereas the life span of LnLy could be increased up to 90% by cocultivation with PSCs. The protecting effect of PSCs on LnLy could be attenuated by cocultivation in the presence of an anti-IL-15 antibody. Furthermore, there was only a modest increase of surviving cells cocultured with PSCs in a Transwell system preventing cell-cell contact between PSCs and lymphocytes.
The addition of recombinant (r)IL-15 also significantly inhibited the spontaneous lymphocyte apoptosis in a dose-depen- Fig. 4 . A: vital lymphocytes after 24, 48, and 72 h in culture analyzed by flow cytometry as described in Fig. 3 . Cells were cultivated in medium (LnLy) or cocultured with PSCs (CoCu) in the presence of PSCs with the addition of anti-IL-15 antibody (CoCu ϩ AB15). To prevent the cell-cell contact between PSCs and lymphocytes, cocultures were performed in a Transwell system (TW) with inserts containing a 0.4-m pore size membrane. B: influence of recombinant (r)IL-15 on lymphocyte survival. LnLy were cultivated for 24 h without (C) and with rIL-15 at the indicated concentrations. An aliquot of lymphocytes was harvested and incubated with annexin V-FITC and PI followed by FACS analysis. Vital lymphocytes were defined as negative for both annexin V and PI. Results are expressed as the mean percentages of vital cells Ϯ SE (n ϭ 6). *P Ͻ 0.05 with respect to control cells. dent manner (Fig. 4B) . However, the prolonging effect of rIL-15 on the life span of LnLy was lower compared with the influence of the PSC cocultures. Figure 5 shows the effect of rIL-15 and the coculture procedure on proliferation of lymphocytes by means of The proliferation-stimulating effects of the "classic" lymphocyte-activating cytokine IL-2 and the unspecific mitogen concanavalin A (ConA) have been to an extremely high degree stronger compared with IL-15 (Fig. 6A) . However, in contrast to rIL-15 and the cocultivation with PSCs, both IL-2 and ConA markedly accelerated the spontaneous apoptosis of LnLy (Fig.  6B) . Furthermore, rIL-15 and PSC cocultivation was able to reverse the ConA-mediated proapoptotic effect. Similar but less pronounced results were found regarding the interactions between rIL-15 and rIL-2 (data not shown).
Regarding the intracellular signal transfer in lymphocytes, we have shown that rIL-15 and PSC cocultivation was associated with an activation of the STAT-3 (Fig. 7) . Addition of the anti-IL-15 antibody to the PSC-lymphocyte cocultures resulted in an attenuation of the STAT-3 phosphorylation.
Expression profile analysis. To get insight into the molecular mechanisms underlying the apoptosis inhibition, we generated gene expression profiles of lymphocytes in different cocultures by means of microarray analysis. The replicated arrays showed a high degree of similarity within each coculture in relation to the signal parameter. The high similarity was reflected in the linear scatterplots with the indication of r 2 for all groups alike between 0.97 and 0.98 (plots not shown). For comparison, the values of r 2 for array pairs between the groups ranged between 0.92 and 0.96. When gene expression analysis was performed, the number of remaining gene sequences in each of the resulting median arrays was nearly 16,000 likewise. According to the stringent criteria of 3 H]thymidine/ml with ConA (1 g/ml) and with rIL-2 (20 and 100 ng/ml). Untreated cells were used as control (C). [ 3 H]thymidine uptake was evaluated using a liquid scintillation counter. Results are expressed as mean cpm Ϯ SE (n ϭ 6). *P Ͻ 0.05. B: lymphocytes were cultivated for 24 h in presence of 1 g/ml ConA, 100 ng/ml rIL-2, and ConA plus 100 ng/ml rIL-15 (ConA ϩ IL-15). Furthermore, 1 g/ml ConA was added to lymphocytes cocultured with PSCs. At the end of incubation time, an aliquot of lymphocytes was subjected to FACS analysis, measuring fluorescence intensity of annexin V-FITC and PI. Vital lymphocytes were defined as negative for both annexin V and PI. Results are expressed as mean percentages of vital cells Ϯ SE (n ϭ 6). *P Ͻ 0.05 with respect to control cells. differential expression, genes were upregulated/downregulated with similar expression profiles in lymphocytes whether cocultured with PSCs or rIL-15. In total, 411 genes were upregulated and 245 were downregulated. The intersection calculation resulted in 57 common upregulated and 7 common downregulated genes (Fig. 8) . It must be averred that there was no gene detected with an opposite regulation in both cocultures (upregulated in lymphocytes cocultured with PSCs and downregulated with IL-15 and vice versa).
To control microarray data, we investigated the expression of CISH, a member of the cytokine-inducible SH2 protein family that has been found clearly upregulated in LnLy cocultured with PSCs or rIL-15. Using RT-PCR, we could confirm the rIL-15-and PSC-mediated increase of CISH encoding mRNA (Fig. 9) . Furthermore, addition of the anti-IL-15 antibody attenuated the PSCtriggered induction of CISH expression.
Influence of Lymphocytes on PSCs
To investigate effects of lymphocytes on stellate cell functions, 24 h after starting the coculture system, PSC proliferation and their collagen synthesis was assessed. Figure 10 shows that cell growth (Fig. 10, left) and collagen secretion (Fig. 10,  right) by PSCs in the presence of lymphocytes increased significantly compared with controls.
DISCUSSION
Leukocytes are considered to play a crucial role in the inflammatory process of chronic pancreatitis (5, 10, 12, 17, 18) . On the other hand, PSCs as the main producers of the ECM have been essentially implicated in pancreatic fibrosis, a characteristic pathomorphological symptom of the disease. There is striking evidence that PSCs represent a substantial target cell population for leukocyte-mediated effects (3, 22-24, 30, 31) .
A wide range of cellular functions are known to be realized by cytokines. Besides activation processes, the modulation of pathways leading to cell apoptosis is suggested to be a critical regulatory mechanism during inflammation (27) . Generally, at the end of an inflammatory reaction, immune cells that were recruited and expanded during the active phase of response are . At the end of incubation time, lymphocytes were harvested followed by centrifugation and cell lysis. Cell lysates were electrophoretically separated on an 8% SDS-polyacrylamide gel. After protein transfer to a nitrocellulose membrane, blots were incubated with a rabbit anti-phospho (P)-STAT-3 antibody (IL-15 antibody). Detection of primary antibody binding was performed using a horseradish peroxidase-labeled anti-rabbit IgG, and horseradish peroxidase activity was visualized with the ECL Plus kit. To demonstrate equal protein loading, the blot was probed with an anti-STAT-3 antibody. Results shown are representative of 3 independent experiments. normally removed by apoptosis (1, 27) . In chronic inflammation, this resolution mechanism becomes disordered, leading to the persistence of the cellular infiltrate, and, ultimately, tissue destruction and fibrosis (1) . Consequentially, mechanisms that inhibit apoptotic pathways in lymphocytes may be involved in the defective tissue regeneration during chronic inflammation.
Here, we have shown that coculture of lymphocytes with in vitro activated PSCs resulted in a significant reduction of spontaneous lymphocyte apoptosis. The reversal of the antiapoptotic effect of PSCs on lymphocytes by addition of an anti-IL-15 antibody to the cocultures suggests that IL-15 is an important factor of the PSC-induced lymphocyte rescue.
IL-15 has been shown to inhibit apoptosis in various cell populations, including lymphocytes (6, 7, 25, 28, 32, 36) .
In the present study, we have shown for the first time that rat PSCs express IL-15 on the RNA and protein levels. The activation of PSCs during their in vitro cultivation has been accompanied by an induction of the expression of the cytokine. Furthermore, we have identified a spliced IL-15 mRNA variant. In all cells tested so far, the expression of the larger isoform was approximately fourfold higher than the shorter sequence.
The localization of IL-15 in PSCs using immunofluorescence suggested a tight association of the protein with the plasma membrane. Accordingly, IL-15 protein was detected exclusively in cell lysates but not in the cell culture supernatant. In the consequence of the lack of IL-15 secretion, the antiapoptotic effect of PSCs on lymphocytes was found to be strongly diminished by the prevention of cell-cell contact between both cell populations using a transwell system. These results are in agreement with reports showing the functional activity of membrane-bound IL-15 (26, 28) .
Our results are consistent with comprehensive studies on IL-15 expression in different systems that revealed an unusual complex and tight posttranscriptional control of the IL-15 gene product and a low secretion potential of the signal peptide. These specific molecular characteristics resulted in low translation rates and little secretion capacity of IL-15 compared with other cytokines (35) . A mechanism by which IL-15 could exert biological effects while being undetectable in culture supernatants has been suggested.
The lower efficiency of rIL-15 in prolonging lymphocyte survival compared with the coculture system might be caused by various reasons. Thus the permanent and stable attendance . At the end of the incubation time, lymphocytes were harvested followed by the extraction of total cellular RNA. Subsequently, RNA was reverse transcribed into cDNA using an oligo(dT)12-18 primer. The cDNA probes were subjected to amplification with CISH-specific primers, giving rise to a fragment of 321 bp. To adjust the various cDNA samples to equal input concentrations, PCR was performed for the housekeeping gene ␤-actin in the presence of a synthetic DNA fragment used as an internal standard (CF), resulting in the 762-bp (cDNA) and 601-bp (CF) amplicons. PCR products were electrophoretically separated in an agarose gel containing 0.3 g/ml ethidium bromide. Results shown are representative of 3 independent experiments. B: results expressed as the degree of change with respect to untreated control cells. Data are given as means Ϯ SE (n ϭ 3). of the adequate IL-15 splice variants presented by the cells may have a more extending impact on lymphocyte viability than the recombinant protein with a limited half-life. However, our data indicate that, apart from IL-15, additional factors generated by PSCs protect lymphocytes from apoptosis. Consequently, the prevention of cell-cell contact using the Transwell system did not abolish the coculture effect completely.
IL-15-mediated signal transfer has been shown to include the STAT pathway (35) . The phosporylation of STAT-3 in lymphocytes provoked by both rIL-15 and PSC cocultivation and the reduction of activated STAT-3 by the anti-IL-5 antibody indicate a correlation of apoptosis and IL-15-mediated STAT signal cascade.
The gene expression analysis of cocultured lymphocytes with PSCs or rIL-15 shows a sufficient set of differential regulated genes with similar expression profiles in both culture systems. Sixty-four genes and estimated sequence tags met the stringent criteria of differential regulation and showed common regulation effects in both coculturing lymphocytes. In contrast, there was no gene with an opposite regulation in either coculture detected, which corroborates the theory of IL-15-mediated apoptosis inhibition in cocultured lymphocytes.
The clear increase of CISH expression induced by both rIL-15 and PSC cocultures strongly indicate an involvement of the cytokine-induced SH2 protein [CIS/suppressor of cytokine signaling (SOCS)] family in IL-15-mediated biological effects. The SOCS proteins have been shown to control cytokine responses (16) . Thus we can hypothesize that the IL-15-mediated upregulation of CISH provides a feedback mechanism preventing an aberrant cytokine effect.
The stimulation of lymphocyte proliferation by PSCs or rIL-15 has been modest compared with the growth effects of the classic lymphocyte activator IL-2 or the mitogen ConA. However, in contrast to IL-15, IL-2 and ConA shortened the in vitro life time mediated by the activation-induced cell death mechanism (36). IL-15 or the PSC cocultures could effectively reduce the ConA-induced apoptosis. Therefore, the inhibition of apoptosis appears the most important effect of PSC-bound IL-15 on lymphocytes.
The expression of IL-15 in PSCs could be induced by the lymphocyte-restricted Th1 cytokine IFN-␥. Moreover, it is well known that IL-15 upregulates IFN-␥ synthesis in lymphocytes (8, 26) . Taken together, the complex cross talk between PSCs and lymphocytes could comprise the mutual paracrine induction of IL-15 and IFN-␥ expression. This hypothesis was supported by results that we obtained in a rat model of chronic pancreatitis. In that model, we could show that IFN-␥ was substantially involved in the persistence of inflammation and the development of pancreatic fibrosis (33) .
In summary, PSCs have been clearly shown to exert a drastic anti-apoptotic effect on immune cells. Our data suggest that IL-15 may be one of the components generated by PSCs that implement this biological function. Further studies are necessary to clarify the underlying molecular mechanisms.
In addition, cocultures with lymphocytes significantly induced PSC growth and their collagen secretion. Our results are in agreement with numerous reports showing the stimulation of stellate cells through different mediators generated by inflammatory cells (3, 14, 18, (22) (23) (24) . Taken together, these data support the concept of a mutual stimulation of PSCs and infiltrating lymphocytes, ultimately resulting in the persistence and progression of pancreatic inflammation accompanied by the development of fibrosis in chronic pancreatitis.
